Practical risk assessment of the relaxation of LOM protection settings in NIE Networks' distribution system by Dyśko, Adam et al.
Dyśko, Adam and Tzelepis, Dimitrios and Booth, Campbell and Pollock, 
Jonathan and Hill, David (2018) Practical risk assessment of the 
relaxation of LOM protection settings in NIE Networks' distribution 
system. IET Generation, Transmission and Distribution, 2018 (15). 1335 – 
1339. ISSN 1751-8687 , http://dx.doi.org/10.1049/joe.2018.0203
This version is available at https://strathprints.strath.ac.uk/65371/
Strathprints is  designed  to  allow  users  to  access  the  research  output  of  the  University  of 
Strathclyde. Unless otherwise explicitly stated on the manuscript, Copyright © and Moral Rights 
for the papers on this site are retained by the individual authors and/or other copyright owners. 
Please check the manuscript for details of any other licences that may have been applied. You 
may  not  engage  in  further  distribution  of  the  material  for  any  profitmaking  activities  or  any 
commercial gain. You may freely distribute both the url (https://strathprints.strath.ac.uk/) and the 
content of this paper for research or private study, educational, or not-for-profit purposes without 
prior permission or charge. 
Any correspondence concerning this service should be sent to the Strathprints administrator: 
strathprints@strath.ac.uk
The Strathprints institutional repository (https://strathprints.strath.ac.uk) is a digital archive of University of Strathclyde research 
outputs. It has been developed to disseminate open access research outputs, expose data about those outputs, and enable the 
management and persistent access to Strathclyde's intellectual output.
7KH-RXUQDORI(QJLQHHULQJ
7KHWK,QWHUQDWLRQDO&RQIHUHQFHRQ'HYHORSPHQWVLQ3RZHU6\VWHP
3URWHFWLRQ'363
3UDFWLFDOULVNDVVHVVPHQWRIWKHUHOD[DWLRQRI
/20SURWHFWLRQVHWWLQJVLQ1,(1HWZRUNV

GLVWULEXWLRQV\VWHP
H,661
5HFHLYHGRQUG0D\
$FFHSWHGRQUG0D\
()LUVWRQWK6HSWHPEHU
GRLMRH
ZZZLHWGORUJ
$GDP'\ĞNR 'LPLWULRV7]HOHSLV&DPSEHOO%RRWK-RQDWKDQ3ROORFN'DYLG+LOO
8QLYHUVLW\RI6WUDWKFO\GH8.
1,(1HWZRUNV8.
(PDLODG\VNR#VWUDWKDFXN
$EVWUDFW7KLVVWXG\SUHVHQWV WKHPHWKRGRORJ\H[SHULHQFHDQGSUDFWLFDORXWFRPHVRI WKH ULVNDVVHVVPHQWEDVHGUHYLVLRQRI
ORVVRIPDLQV/20SURWHFWLRQVHWWLQJVLQWKH1,(1HWZRUNV
GLVWULEXWLRQV\VWHP$QLQYHVWLJDWLYHSURMHFWKDVEHHQXQGHUWDNHQ
E\ WKH DXWKRUV WR UHYLVH WKH FXUUHQW /20 SUDFWLFH DV UHFRPPHQGHG E\ WKH *1, UHJXODWLRQ DQG WR SURSRVH WKH VHWWLQJV
ZKLFKZRXOGPHHWWKHDOO,UHODQGWUDQVPLVVLRQV\VWHPVWDELOLW\FULWHULD,WLVDOVRLPSRUWDQWWRHQVXUHWKDWDQ\LQFUHDVHGSHUVRQDO
ULVN LV UHDOLVWLFDOO\TXDQWLILHGDQGVDWLVILHV WKHKHDOWKDQGVDIHW\ UHTXLUHPHQWV%RWKDVSHFWV LH/20SURWHFWLRQVWDELOLW\DQG
VHQVLWLYLW\ DUH FRYHUHG LQ WKH VWXG\ 7KH UHVXOWV DQG REVHUYDWLRQV LQFOXGHG LQ WKH VWXG\ DLP WR SURYLGH WKH PHDQV DQG
VXSSRUWLQJHYLGHQFHIRUDFKLHYLQJWKHEHVWFRPSURPLVHLQWKHUHYLVLRQRI/20SURWHFWLRQVHWWLQJV
௑,QWURGXFWLRQ
7KHORVVRIPDLQV/20SURWHFWLRQKDVEHHQWKHVXEMHFWRIPXFK
GHEDWH LQ UHFHQW \HDUV :KHQ LW ZDV RULJLQDOO\ LQWURGXFHG /20
ZDV GHVLJQHG WR UHOLDEO\ GHWHFW DQG SURPSWO\ GLVFRQQHFW DQ\
GLVWULEXWHGJHQHUDWLRQ'* LQ WKH LVODQGHGSDUWRI WKHQHWZRUN WR
SUHYHQWKXPDQVDIHW\KD]DUGVRUGDPDJH WRJHQHUDWRUVGXH WR WKH
RXWRISKDVH UHFORVXUH 7KH SULRULW\ UHTXLUHPHQWV ZHUH KLJK
GHWHFWLRQ VHQVLWLYLW\ DQG IDVW RSHUDWLRQ 2FFDVLRQDO VSXULRXV
WULSSLQJRI/20SURWHFWLRQZDVQRWFRQVLGHUHGDQLVVXHGXHWRWKH
ORZ SHQHWUDWLRQ OHYHOV RI '* +RZHYHU WKH FRQWLQXLQJ UDSLG
JURZWKRIWKHGLVWULEXWLRQFRQQHFWHGJHQHUDWLRQDQGWKHGHFUHDVHRI
WUDQVPLVVLRQ V\VWHP LQHUWLD ZLWK FRQVHTXHQWO\ KLJKHUIUHTXHQF\
G\QDPLFV KDYH VKLIWHG WKH SHUVSHFWLYH RQ /20 SURWHFWLRQ
GUDPDWLFDOO\ 7KH VSXULRXV RSHUDWLRQ LV QR ORQJHU DFFHSWDEOH DQG
WKH DGHTXDWH OHYHOV RI /20 SURWHFWLRQ VHFXULW\ QHHG WR EH
PDLQWDLQHG WR SUHYHQW WKH GLVFRQQHFWLRQ RI ODUJH DPRXQWV RI '*
GXULQJ V\VWHP ZLGHHYHQWV $OWKRXJK WKHUH DUH RWKHU VROXWLRQV WR
DGGUHVV WKLV LVVXH HJ GLUHFW LQWHUWULSSLQJ WKH PDMRULW\ DUH WRR
FRVWO\DQGRUFRPSOH[WRLPSOHPHQWUHWURVSHFWLYHO\7KHUHIRUHWKH
ILUVW ORJLFDO VWHS LQ DGGUHVVLQJ WKLV FULWLFDO SUREOHP LV WR HQKDQFH
WKH VHFXULW\ RI WKH H[LVWLQJ /20 SURWHFWLRQ E\ UHOD[LQJ LH
LQFUHDVLQJWKHVHWWLQJV
7KHSDSHUFRQWDLQV WKUHHPDLQSDUWV ,Q WKH ILUVWSDUW WKHQHHG
IRUFKDQJHLVSUHVHQWHGZLWKDIRFXVRQRSHUDWLRQDOH[SHULHQFHDQG
WKHRUHWLFDODQDO\VLV7KH/20SURWHFWLRQVHFXULW\ LVDGGUHVVHGE\
DQDO\VLQJ WKH UDWH RI FKDQJH RI IUHTXHQF\ 52&2) DQG YROWDJH
YHFWRU VKLIW 96 SURWHFWLRQ SHUIRUPDQFH XQGHU WKH ZRUVWFDVH
VFHQDULR IUHTXHQF\ WUDQVLHQWV GHULYHG XVLQJ G\QDPLF VLPXODWLRQV
0RUHRYHU D QXPEHU RI IDXOWV UHFRUGV FDSWXUHG GXULQJ DFWXDO
QHWZRUN LQFLGHQWV DUH XVHG WR SURYLGH DQ DGGLWLRQDO UHDOLVWLF
LQVLJKW LQWR WKH /20 SURWHFWLRQ SHUIRUPDQFH LQ WKH YLFLQLW\ RI D
IDXOW7KHVWDELOLW\SHUIRUPDQFHUHVXOWVSUHVHQWHGLQWKHVWXG\KDYH
EHHQ REWDLQHG XQGHU D YDULHW\ RI VHWWLQJ DOWHUQDWLYHV WR LGHQWLI\
YLDEOHRSWLRQVIRUWKH/20VHWWLQJVUHYLVLRQ
,Q WKH VHFRQG SDUW D ULVN WUHHEDVHG SUREDELOLW\ DQDO\VLV LV
HPSOR\HGWRHVWLPDWHWKHSRWHQWLDOLQFUHDVHLQSHUVRQDOULVNDVZHOO
DVWKHULVNRIJHQHUDWRUGDPDJHXQGHUWKH/20VHWWLQJVHVWDEOLVKHG
GXULQJWKHVWDELOLW\DQDO\VLV7KLVLVWRHQVXUHWKDWWKHHOHYDWHGULVN
OHYHOVGXH WR WKH UHOD[DWLRQRI WKH VHWWLQJV UHPDLQZLWK WKHKHDOWK
DQGVDIHW\H[HFXWLYH
VDFFHSWDEOHOLPLWV
/DVWO\IXWXUHSUDFWLFDOLPSOLFDWLRQVRIWKHSUHVHQWHGDQDO\VLVLQ
WHUPVRIUHFRPPHQGHG/20VHWWLQJVDVZHOODVVRPHRWKHUXWLOLW\
RSHUDWLRQDODVSHFWVDUHLQFOXGHGLQDVHSDUDWHVHFWLRQ
௑1HHGIRUFKDQJH
7KH IDFLOLWDWLRQ RI UHQHZDEOHV >@ VWXG\ SXEOLVKHG LQ  E\
(LU*ULG DQG 621, VKRZHG WKDW GXULQJ WLPHV RI KLJK ZLQG
JHQHUDWLRQ IROORZLQJ WKH ORVV RI WKH VLQJOH ODUJHVW FUHGLEOH
FRQWLQJHQF\WKH52&2)YDOXHVRI!(팀H]VFRXOGEHH[SHULHQFHG
RQWKHLVODQGRI,UHODQGSRZHUV\VWHP,QVXFKDVFHQDULRWKH/20
SURWHFWLRQ FXUUHQWO\ HPSOR\HG E\ WKH '* FRQQHFWHG WR WKH 1,(
1HWZRUNV
 GLVWULEXWLRQ V\VWHP ZLOO RSHUDWH GLVFRQQHFWLQJ D ODUJH
TXDQWXP RI JHQHUDWLRQ IURP WKH V\VWHP ,Q DQ DOUHDG\ WXUEXOHQW
VFHQDULRWKLVZRXOGIXUWKHUH[DFHUEDWHV\VWHPLQVWDELOLW\
0RUHRYHURSHUDWLRQDOH[SHULHQFHKDVFDXVHG1,(1HWZRUNVWR
FRQVLGHU WKH VWDELOLW\ RI /20 SURWHFWLRQ VSHFLILFDOO\ 96 2Q 
0DUFK1RUWKHUQ,UHODQGZDVH[SRVHGWRDVHYHUHVQRZVWRUP
ZKLFKUHVXOWHGLQDVLJQLILFDQWQXPEHURIIDXOWVRQWKHGLVWULEXWLRQ
DQG WUDQVPLVVLRQ V\VWHP 'XULQJ WKUHH (팀mLQ EORFNV  ZLQG
IDUPVGLVFRQQHFWHGIURPWKHHOHFWULFLW\V\VWHPGXHWRWKHDFWLYDWLRQ
RI WKHLU /20 SURWHFWLRQ WRWDOOLQJ ∼(팀M: RI ORVW JHQHUDWLRQ
IURP WKH V\VWHP RYHU D (팀h SHULRG DQG D WRWDO RI (팀M: LQ D
VLQJOH(팀mLQSHULRG
7KH SRVW IDXOW DQDO\VLV FRQFOXGHG WKDW WKH ZLQG IDUPV ZKLFK
GLVFRQQHFWHG IURP WKH V\VWHP ZHUH RQO\ WKRVH ZLWK WKH 96
HOHPHQWRI WKHLU/20SURWHFWLRQDFWLYDWHGZKLOVW WKHZLQGIDUPV
ZLWK52&2)SURWHFWLRQHPSOR\HGUHPDLQHGVWDEOH
&RQVHTXHQWO\ 1,( 1HWZRUNV GHFLGHG WR FRPPLVVLRQ
6WUDWKFO\GH 8QLYHUVLW\ WR GHWHUPLQH DSSURSULDWH /20 VHWWLQJV WR
HQVXUH V\VWHP LQWHJULW\ GXULQJ PDMRU V\VWHP HYHQWV 6XLWDEOH
VWDELOLW\HQVXULQJVHWWLQJYDOXHVKDGWREHHVWDEOLVKHGIRU52&2)
DQG96SURWHFWLRQDVZHOODVIUHTXHQF\DQGYROWDJHSURWHFWLRQ
7R DFKLHYH WKLV D GHWDLOHG DQDO\VLV RI WKH VHOHFWHG ZRUVWFDVH
VFHQDULR V\VWHPZLGH IUHTXHQF\ SURILOHV KDV EHHQ XQGHUWDNHQ
7KRVH SURILOHV KDG EHHQ REWDLQHG IURP G\QDPLF VLPXODWLRQV DQG
FRUUHVSRQG WR YDULRXV FULWLFDO WUDQVPLVVLRQ V\VWHP LQFLGHQWV LQ
,UHODQG DV VXPPDULVHG LQ 7DEOH  7KHVH FULWLFDO SURILOHV ZHUH
SURYLGHG E\ 621, LQ GLJLWDO IRUP DV WKUHHSKDVH YROWDJH
ZDYHIRUPV VDPSOHG DW (팀k+] VXLWDEOH DV DQ LQSXW WR D G\QDPLF
UHOD\PRGHORUKDUGZDUHLQMHFWLRQLQWRDSK\VLFDOGHYLFH
0RUHRYHUD IHZIDXOW UHFRUGV FDSWXUHGGXULQJDFWXDOQHWZRUN
LQFLGHQWV ZHUH DYDLODEOH ZKLFK JDYH DQ DGGLWLRQDO UHDO HYHQW
EDVHGLQVLJKWLQWRWKH/20SURWHFWLRQSHUIRUPDQFHLQWKHYLFLQLW\
RI D IDXOW $ VXPPDU\ RI WKH XWLOLVHG UHFRUGV LV SUHVHQWHG LQ
7DEOH
-(QJ9RO,VVSS
7KLVLVDQRSHQDFFHVVDUWLFOHSXEOLVKHGE\WKH,(7XQGHUWKH&UHDWLYH&RPPRQV$WWULEXWLRQ/LFHQVH
KWWSFUHDWLYHFRPPRQVRUJOLFHQVHVE\

6WDELOLW\RI52&2)SURWHFWLRQ
,Q WKH ILUVW VWHS HDFK VLPXODWHG UHFRUG HYHQWV  WR  ZDV
UHSHDWHGO\ SURFHVVHG E\ WKH YDOLGDWHG G\QDPLF 52&2) UHOD\
PRGHO >@DWGLIIHUHQW WLPHGHOD\VHWWLQJV$WHDFK WLPHGHOD\ WKH
52&2)VHWWLQJRIWKHUHOD\ZDVJUDGXDOO\LQFUHDVHGIURPDVPDOO
YDOXHWRDSRLQWZKHUHWKHUHOD\QRORQJHURSHUDWHG7KLVZD\WKH
PLQLPXP VWDELOLW\ VHWWLQJV ZHUH HVWDEOLVKHG H[SHULPHQWDOO\ 7R
IXUWKHU YHULI\ WKHVH PRGHOEDVHG UHVXOWV D IHZ VHOHFWHG UHFRUGV
KDYHDOVREHHQLQMHFWHGLQWRWKHSK\VLFDOUHOD\0L&203DQG
WKHVWDELOLW\OLPLWKDVEHHQHVWDEOLVKHGLQWKHVDPHZD\7KHUHVXOWV
UHODWHGWRVLPXODWHGUHFRUGVHYHQWVWRDUHSUHVHQWHGLQ)LJ
ZKHUHDVWKHUHVXOWVEDVHGRQWKHUHFRUGVRIDFWXDOIDXOWVDUHVKRZQ
LQ)LJ,WQHHGVWREHQRWHGWKDWIRUFODULW\SXUSRVHVWKHILJXUHV
RQO\ LQFOXGH WKH KLJKHVW 52&2) YDOXHV DFURVV DOO HYHQWV
SUHVHQWHG DV D VLQJOH FKDUDFWHULVWLF VHSDUDWHO\ IRU µUHOD\ PRGHO¶
DQG µKDUGZDUH UHOD\¶ $Q\ 52&2) VHWWLQJ DERYH WKHVH FXUYHV
JXDUDQWHHV VWDELOLW\ XQGHU DOO DQDO\VHG HYHQWV ZKLOH DQ\ VHWWLQJ
EHORZ WKH FXUYHV PD\ UHVXOW LQ VSXULRXV WULSSLQJ RI 52&2)
SURWHFWLRQ $GGLWLRQDOO\ WKH ILJXUHV LQFOXGH D GHSLFWLRQ RI WKH
H[LVWLQJ UHFRPPHQGHG VHWWLQJ RI (팀H]V ZLWK QR DGGLWLRQDO
GHOD\DQGIRXUSURSRVHGDOWHUQDWLYHVHWWLQJUHFRPPHQGDWLRQVDOO
RI ZKLFK ZRXOG HQVXUH VWDELOLW\ XQGHU WKH JLYHQ FULWLFDO HYHQW
VFHQDULRV 7KHVH IRXU DOWHUQDWLYH VHWWLQJV DUH VXJJHVWHG IRU WKH
VXEVHTXHQWULVNDVVHVVPHQW
,WFDQEHFOHDUO\VHHQWKDWWKHH[LVWLQJVHWWLQJLQGLFDWHGDVDUHG
WULDQJOH LQ )LJ  FDQQRW JXDUDQWHH WKH VWDELOLW\ RI 52&2)
SURWHFWLRQ XQGHU WKH DQWLFLSDWHG V\VWHP G\QDPLFV $GGLWLRQDOO\
IRXU DOWHUQDWLYH 52&2) VHWWLQJV KDYH EHHQ SURSRVHG IRU ULVN
DVVHVVPHQWDQDO\VLVLQGLFDWHGE\JUHHQGLDPRQGVLQ)LJ
6WDELOLW\RI96SURWHFWLRQ
6XEVHTXHQWO\WKHVDPHHYHQWVZHUHXVHGWRDVVHVVWKHVWDELOLW\
RI WKH 96 SURWHFWLRQ XVLQJ D VLPLODU PHWKRGRORJ\ 7KH PLQLPXP
DQJOH VHWWLQJ YDOXHV WR HQVXUH 96 UHOD\ VWDELOLW\ DUH SUHVHQWHG LQ
)LJIRUVLPXODWHGUHFRUGV±DQGLQ)LJIRUIDXOWUHFRUGHU
EDVHGHYHQWV±
,W VKRXOG EH QRWHG WKDW WKH PDUJLQDO VHWWLQJV IRU 96 VWDELOLW\
REWDLQHG IURP WKH VLPXODWHG HYHQWV ± DUH JHQHUDOO\ YHU\ ORZ
DQG WKHUHIRUHGRQRWVHHPWRSRVHDQ\VWDELOLW\ LVVXHV8QGHU WKH
0L&20 3 UHOD\ PLQLPXP VHWWLQJ RI  RQO\ UHFRUG 1R 
UHVXOWHGLQUHOD\WULSSLQJ+RZHYHUWKHUHOD\GLGQRWWULSZKHQWKH
VHWWLQJZDVFKDQJHG WR)URPWKRVHUHVXOWV LWZRXOGVHHPWKDW
96UHOD\KDVDYHU\JRRGLPPXQLW\WRFULWLFDOV\VWHPZLGHHYHQWV
HYHQWRWKRVHZLWKYHU\KLJK52&2)YDOXHV
7R IXUWKHU LQYHVWLJDWH WKH DSSDUHQW JRRG VWDELOLW\ RI 96
SURWHFWLRQ WKH DYDLODEOH IDXOW UHFRUGV HYHQWV ± ZHUH XVHG
'XHWRWKHSDVWH[SHULHQFHRIVSXULRXVWULSSLQJRIDQXPEHURI96
UHOD\VGXULQJVWRUPFRQGLWLRQVLQ,UHODQGLWZDVLPSRUWDQWWRYHULI\
ZKHWKHU VXFK VSXULRXV WULSSLQJ FRXOG KDYH EHHQ LQLWLDWHG E\
WUDQVPLVVLRQ V\VWHP IDXOWV 7KH PLQLPXP 96 VWDELOLW\ VHWWLQJV
EDVHG RQ WKH ILYH DYDLODEOH UHFRUGV DUH SUHVHQWHG LQ )LJ  ERWK
REWDLQHGIURPWKHUHOD\PRGHODQGIURPKDUGZDUHLQMHFWLRQ7KHVH
UHVXOWV FOHDUO\ GHPRQVWUDWH WKDW WKH 96 WULSSLQJ DW WKH FXUUHQW
UHFRPPHQGHG VHWWLQJ RI  LV YHU\ PXFK SRVVLEOH GXULQJ
WUDQVPLVVLRQV\VWHPIDXOWV2QVRPHRFFDVLRQVUHOD\RSHUDWLRQFDQ
EHH[SHFWHGZLWKVHWWLQJVXSWR+RZHYHULWLVXQGHUVWRRGWKDW
96 UHOD\ VSXULRXV WULSSLQJ XQGHU WUDQVPLVVLRQ V\VWHP IDXOWV GRHV
QRW KDYH WKH VDPH V\VWHPZLGH HIIHFW DV IUHTXHQF\ VZLQJV FDQ
KDYHRQ52&2)SURWHFWLRQ DQG WKHUHIRUH DUH OHVV WKUHDWHQLQJ WR
WUDQVPLVVLRQ V\VWHP LQWHJULW\ 1HYHUWKHOHVV LW LV FRQVLGHUHG
LPSRUWDQWWRH[SORUHWKHULVNRIDSRVVLEOHLQFUHDVHLQ96VHWWLQJWR
LPSURYH VHFXULW\ 7KXV WZR VHWWLQJ RSWLRQV RI  DQG  DUH
FRQVLGHUHGLQULVNDQDO\VLV
௑/20SURWHFWLRQVHQVLWLYLW\DQGULVNDVVHVVPHQW
7KHULVNDVVHVVPHQWPHWKRGRORJ\DSSOLHGLQWKLVZRUNLVEDVHGRQ
DVWDWLVWLFDODQDO\VLVRISRWHQWLDOXQGHWHFWHGLVODQGLQJLQFLGHQWVDQG
WKHXVHRIDSUREDELOLW\WUHHGHSLFWLQJWKHSHUFHLYHGKD]DUGV7KRVH
KD]DUGVLQFOXGHSHUVRQDOVDIHW\UHSUHVHQWHGE\DSUREDELOLW\WUHHLQ
)LJ D DQG JHQHUDWRU GDPDJH UHVXOWLQJ IURP RXWRISKDVH
UHFORVXUH)LJE
7DEOH(? 6LPXODWHGUHFRUGVRIPDMRUV\VWHPHYHQWV
(YHQWQR 6KRUWGHVFULSWLRQ
 IUHTXHQF\GURSZLWKRXWIDXOW
 IUHTXHQF\GURSZLWKIDXOW
 IUHTXHQF\GURSZLWKIDXOW(팀mVUHWDLQHGYROWDJH
 IUHTXHQF\GURSZLWKIDXOW(팀mVUHWDLQHGYROWDJH
 IUHTXHQF\ULVHZLWKRXWIDXOW
 IUHTXHQF\ULVHZLWKIDXOW
 IUHTXHQF\ULVHZLWKIDXOW(팀mVUHWDLQHGYROWDJH
 IUHTXHQF\ULVHZLWKIDXOW(팀mVUHWDLQHGYROWDJH
 ORVVRIWKHODUJHVWLQIHHGKLJK52&2)VFHQDULR
 ORVVRIWKHODUJHVWRXWIHHGW\SLFDOVFHQDULR
 ORVVRIWKHODUJHVWLQIHHGW\SLFDOVFHQDULR
 KLJKIUHTXHQF\ZLWKDIDXOW(팀mVUHWDLQHG
YROWDJH
 KLJKIUHTXHQF\ZLWKDIDXOW(팀mVUHWDLQHGYROWDJH
 ORZIUHTXHQF\ZLWKDIDXOW(팀mVUHWDLQHG
YROWDJH
 ORZIUHTXHQF\ZLWKDIDXOW(팀mVUHWDLQHGYROWDJH

7DEOH(? )DXOWUHFRUGVRIDFWXDOLQFLGHQWV
(YHQW
QR
6KRUWGHVFULSWLRQ 9ROWDJH
OHYHON9
'DWH
 OLQHIDXOWWKUHHSKDVH
GRZQVWUHDPSDUWLDOORVVRI
ORDG
 -XO\
 YROWDJHGLSWKUHHSKDVH  2FWREHU
 YROWDJHGLSWKUHHSKDVH  -DQXDU\

 OLQHGLVFRQQHFWHG±QR
IDXOWGHWHFWHG
 0DUFK
 XQFODVVLILHG  -DQXDU\


)LJ ௒ 3URSRVHG 52&2) VHWWLQJ RSWLRQV PDSSHG DJDLQVW HVWDEOLVKHG
VWDELOLW\VHWWLQJVVLPXODWHGHYHQWV±

)LJ௒3URSRVHG52&2)VHWWLQJRSWLRQVPDSSHGDJDLQVWVWDELOLW\VHWWLQJV
REWDLQHGIURPV\VWHPIDXOWV±

 -(QJ9RO,VVSS
7KLVLVDQRSHQDFFHVVDUWLFOHSXEOLVKHGE\WKH,(7XQGHUWKH&UHDWLYH&RPPRQV$WWULEXWLRQ/LFHQVH
KWWSFUHDWLYHFRPPRQVRUJOLFHQVHVE\
'XH WR WKHVSDFH OLPLWDWLRQVRI WKHFRQIHUHQFHSXEOLFDWLRQ WKLV
SDSHUUHSRUWVRQRQHSDUWRIWKHULVNDVVHVVPHQWVWXG\RQO\UHODWHG
WRJHQHUDWLRQXSWR(팀M:RILQVWDOOHGFDSDFLW\WHUPHGDVDVPDOO
VFDOHJHQHUDWLRQ66*$VLPLODUDSSURDFKKDVEHHQXVHGWRDVVHVV
ODUJHVFDOH JHQHUDWLRQ /6* LH ZLWK LQVWDOOHG FDSDFLWLHV !(?
0: 7KH NH\ DVVXPSWLRQV RI WKLV VWXG\ FDQ EH VXPPDULVHG DV
IROORZV
 *HQHUDWLRQ RXWSXW LV UHSUHVHQWHG E\ DQ H[DPSOH PHDVXUHG
JHQHUDWLRQ SURILOH FKDUDFWHULVWLF RI D SDUWLFXODU JHQHUDWLRQ
WHFKQRORJ\
 7ZRIXQGDPHQWDO LVODQGLQJVFHQDULRVKDYHEHHQFRQVLGHUHG6
±'* LVODQGLQJ WKURXJK ORVV RI VXSSO\ WR D SULPDU\ VXEVWDWLRQ
DQG6 ±'* LVODQGLQJGXH WR WKH ORVVRI LQGLYLGXDO(팀k9 RU
(팀k9IHHGHU
 %DVHG RQ WKH 1,( 1HWZRUNV
 '* SURWHFWLRQ VHWWLQJ UHFRUGV LW
ZDV DVVXPHG WKDW WKH XVDJH RI 52&2) SURWHFWLRQ LH WKH
SHUFHQWDJHRIJHQHUDWRUVKDYLQJ52&2) UHOD\ LQVWDOOHG LV
 DQG  IRU WKH V\QFKURQRXV PDFKLQH 60 LQYHUWHU
FRQQHFWHG ,& DQG LQGXFWLRQ PDFKLQH ,0EDVHG JHQHUDWLRQ
UHVSHFWLYHO\5HJDUGLQJ96SURWHFWLRQWKHDVVXPHGSHUFHQWDJHV
ZHUHDVIROORZV60,&DQG,0
 'HWDLOHG GLVWULEXWLRQ RI '* VL]HV LQ HDFK VFHQDULR 6 DQG 6
QXPEHUV SUHGRPLQDQW JURXSLQJV DV ZHOO DV SHUFHQWDJH
FRQWULEXWLRQV RI LQGLYLGXDO JHQHUDWLQJ WHFKQRORJLHV ZLWKLQ WKH
JURXSVJHQHUDWLRQPL[HVZHUHREWDLQHGIURPWKHDYDLODEOH1,(
1HWZRUNV'*FRQQHFWLRQUHJLVWHUV
 ,WLVDVVXPHGWKDWWKHJHQHUDWRURUDJURXSRIJHQHUDWRUVGRHV
QRW FRQWLQXH WR VXSSO\ WKH V\VWHP DIWHU DQ RXWRISKDVH DXWR
UHFORVLQJRSHUDWLRQ
 $ SHULRG RI TARmax = 30 s ZDV DVVXPHG DV WKH PD[LPXP
H[SHFWHG WLPH RI RSHUDWLRQ RI WKH DXWRUHFORVLQJ VFKHPH LH
UHJDUGOHVV RI ORDGJHQHUDWLRQ EDODQFH XQGHWHFWHG VWDEOH LVODQG
ZLOO QRW FRQWLQXH WR RSHUDWH ORQJHU WKDQ TARmax GXH WR WKH
LPSDFWRIRXWRISKDVHUHFORVXUH
 7KH /20 HYHQW LV VLPXODWHG DV D VLPSOH RSHQLQJ RI D FLUFXLW
EUHDNHUDWWKHSRLQWRIFRPPRQFRXSOLQJDQGQRLQLWLDWLQJIDXOW
LV VLPXODWHG SULRU WR LVODQGLQJ ZRUVWFDVH VFHQDULR IURP WKH
/20GHWHFWLRQSHUVSHFWLYH
9DULRXV HOHPHQWV RI WKH SUREDELOLW\ WUHH LQ )LJ  KDYH EHHQ
FDOFXODWHGDVIROORZV
7KH DYHUDJH DQQXDO QXPEHU RI ORVV RI JULG LQFLGHQWV DW DQ
LQGLYLGXDO LVODQGLQJ SRLQW LV HVWLPDWHG IURP WKH XWLOLW\ QHWZRUN
LQFLGHQWUHFRUGVXVLQJWKHIROORZLQJIRUPXOD
NLOG, 1IP =
nLOG
nIP ⋅ TLOG
, 
ZKHUH nLOG LV WKH WRWDO QXPEHU RI ORVV RI VXSSO\ LQFLGHQWV
H[SHULHQFHG GXULQJ WKH SHULRG RI TLOG LQ D SRSXODWLRQ RI nIP
LVODQGLQJSRLQWV
7KH SUREDELOLW\ P23 = P2 ∧ P3 WKDW WKH RXWSXW RI DQ LQGLYLGXDO
'*JURXSLVEDODQFHGZLWKORFDOORDGERWK3	4ZLWKLQWKH/20
SURWHFWLRQ QRQGHWHFWLRQ ]RQH 1'= IRU D SHULRG ORQJHU WKDQ
TNDZmax LV FDOFXODWHG E\ DFFXPXODWLQJ WKH SHULRGV RI WLPH
Δt1,…,ΔtnZKHQWKHGLIIHUHQFHEHWZHHQWKHGDLO\QHWZRUNGHPDQG
SURILOHDQG WKH'*RXWSXW UHPDLQVZLWKLQ WKHPDUJLQRI WKH1'=
)LJ
)LJ ௒ 96 PLQLPXP VHWWLQJV WR HQVXUH /20 SURWHFWLRQ VWDELOLW\ XQGHU
VLPXODWHGV\VWHPHYHQWV±

)LJ ௒ 96 PLQLPXP VHWWLQJV WR HQVXUH /20 SURWHFWLRQ VWDELOLW\ XQGHU
DFWXDOIDXOWUHFRUGV±

)LJ௒/20VDIHW\KD]DUGSUREDELOLW\WUHH
D3HUVRQDOVDIHW\KD]DUG
E*HQHUDWRUGDPDJHKD]DUG

)LJ௒$VVHVVLQJSUREDELOLW\RIORDGJHQHUDWLRQPDWFK

-(QJ9RO,VVSS
7KLVLVDQRSHQDFFHVVDUWLFOHSXEOLVKHGE\WKH,(7XQGHUWKH&UHDWLYH&RPPRQV$WWULEXWLRQ/LFHQVH
KWWSFUHDWLYHFRPPRQVRUJOLFHQVHVE\

7HQH[DPSOH UHFRUGHG ORDGSURILOHVKDYHEHHQXVHGDVZHOO DV
H[DPSOH UHFRUGHGJHQHUDWLRQSURILOHV UHSUHVHQWLQJZLQGELRPDVV
DQG VRODU HQHUJ\ JHQHUDWLRQ 7KH ILQDO UHVXOW LV REWDLQHG E\
DYHUDJLQJWKHRXWFRPHVRIDOOXWLOLVHGORDGSURILOHV
7KH1'=GHSHQGVRQWKHLVODQGHGJHQHUDWLRQWHFKQRORJ\RUD
PL[RIWHFKQRORJLHVJHQHUDWRUFRQWUROPRGHDQG/20SURWHFWLRQ
W\SH DQG VHWWLQJV )RU HDFK LGHQWLILHG JHQHUDWLRQ PL[  PL[HV
ZHUHFRQVLGHUHGEDVHGRQWKH'*FRQQHFWLRQUHJLVWHUDVLQGLFDWHG
LQ7DEOH IRU HDFKFRQVLGHUHG/20SURWHFWLRQRSWLRQKDVEHHQ
HVWDEOLVKHGE\VLPXODWLQJORVVRIJULGHYHQWVDWYDULRXVGHJUHHVRI
JHQHUDWLRQORDGLPEDODQFHERWK3	4DQGWHVWLQJ/20SURWHFWLRQ
UHVSRQVH ZLWK SUHGHWHUPLQHG VHWWLQJ HLJKW /20 VHWWLQJ RSWLRQV
ZHUHFRQVLGHUHGDVVKRZQLQ7DEOH
)RU HDFK JHQHUDWLRQ PL[ WKH H[SHFWHG WRWDO DQQXDO QXPEHU RI
XQGHWHFWHG ORVVRIJULG LQFLGHQWV LVFDOFXODWHGXVLQJ WKHIROORZLQJ
IRUPXOD
NLOM = NLOG, 1IP ⋅ P23 ⋅ nDGG ⋅ pLOM ⋅ LF . 
)LQDOO\ WKH IDWDO SHUVRQDO LQMXU\ ULVN IRE DQG WKH ULVN RI RXWRI
SKDVHUHFORVXUHNOADUHFDOFXODWHGXVLQJWKHIROORZLQJIRUPXODV
IRE = NLOM ⋅ PPER,E, 
NOA = NLOM ⋅ PAR, 
ZKHUHPPER,ELVWKHSUREDELOLW\RIDSHUVRQEHLQJLQFORVHSUR[LPLW\
WR DQXQGHWHFWHG LVODQGHGSDUW RI WKH V\VWHPDQG VXIIHULQJD IDWDO
LQMXU\ DW WKH VDPH WLPH DQG PAR LV WKH SUREDELOLW\ RI DQ RXWRI
SKDVHDXWRUHFORVLQJDFWLRQIROORZLQJWKHGLVFRQQHFWLRQRIDFLUFXLW
RU D VXEVWDWLRQ$YDOXHRIPAR = 0.8ZDV DVVXPHGZKLOHPPER,E
ZDVFDOFXODWHGDVVXPLQJH[SRQHQWLDOULVNGLVWULEXWLRQIROORZLQJDQ
XQGHWHFWHGLVODQGLQJHYHQWRITLOMavrGXUDWLRQ
PPER,E = 0.05 ⋅ (1 − e
−3.3501 × 10
−4
⋅ TLOMavr) . 
7KHYDOXHVRI WKHFRQVWDQWV LQIRUPXODZHUHHVWDEOLVKHGEDVHG
RQWKHH[LVWLQJLQFLGHQWVWDWLVWLFV
7KH UHVXOWLQJ ULVN FDQ EH WKHQ FRPSDUHG ZLWK WKH JHQHUDO
FULWHULD IRU ULVN WROHUDELOLW\ LQFOXGHG LQ WKH +HDOWK DQG 6DIHW\ DW
:RUN $FW  >@ ZKLFK DGRSWV WKH ULVN PDQDJHPHQW SULQFLSOH
RIWHQUHIHUUHGWRDVWKHµDVORZDVUHDVRQDEO\SUDFWLFDEOH$/$53¶
SULQFLSOH 7KH $/$53 UHJLRQ DSSOLHV IRU LQGLYLGXDO ULVN OHYHOV
EHWZHHQ 10−6 DQG 10−4 5LVNV ZLWK SUREDELOLWLHV EHORZ 10−6 FDQ
JHQHUDOO\EHGHHPHGDVWROHUDEOH
7KHILQDOVXPPDU\UHVXOWV IRU WKHH[LVWLQJDQGSRWHQWLDO IXWXUH
/20RSWLRQVDUH LQFOXGHG LQ7DEOH ,WFDQEHVHHQ WKDW WKH ULVN
YDOXHV IDOO ZLWKLQ WKH $/$53 UHJLRQ ZKLFK FDOOV IRU DGGLWLRQDO
PLWLJDWLQJ PHDVXUHV LQ DQ DWWHPSW WR UHGXFH WKH SHUFHLYHG ULVNV
7KRVHDUHGLVFXVVHGLQ7DEOH
௑.H\SUDFWLFDOLPSOLFDWLRQV
5LVNEDVHGGHFLVLRQPDNLQJ
6LQFH WKH LQGLYLGXDO ULVN RI HOHFWURFXWLRQ UHVLGHV ZLWKLQ WKH
$/$53 UHJLRQ 1,( 1HWZRUNV UHTXHVWHG WKDW ULVN PLWLJDWLRQ
PHDVXUHV EH DVVHVVHG QDPHO\ WKH SUHVHQFH RI QHXWUDO YROWDJH
GLVSODFHPHQW19'SURWHFWLRQDQGWKHUHGXFWLRQRIWKHDVVRFLDWHG
RSHUDWLQJWLPHIURP(팀s@>1,(1HWZRUNVVWDQGDUG19'RSHUDWLQJ
WLPHIRU/9FRQQHFWHGJHQHUDWLRQ@GRZQWR(팀sIRU66*
,W ZDV LGHQWLILHG WKDW WKH SUHVHQFH RI 19' SURWHFWLRQ ZRXOG
RIIHUDULVNRIHOHFWURFXWLRQUHGXFWLRQRI∼IRU/6*DQG∼
IRU 66* 0RUHRYHU LW ZDV LGHQWLILHG WKDW UHGXFLQJ WKH 19'
RSHUDWLQJ IURP  WR (팀s ZRXOG SUHVHQW D IXUWKHU  ULVN
UHGXFWLRQIRU66*
:LWKWKHLQFOXVLRQRI19'SURWHFWLRQWKHSURSRVHGVHWWLQJVIRU
/6* UHVLGHRQ WKH$/$53ERXQGDU\ LH1.36 × 10−6*LYLQJ WKH
VLJQLILFDQW V\VWHP EHQHILW LQ DPHQGLQJ /20 VHWWLQJV 1,(
1HWZRUNV GHWHUPLQHG LW DSSURSULDWH WR SURFHHG IURP D ULVN
SHUVSHFWLYHZLWKVHWWLQJDPHQGPHQWVWR/6*
7KH ULVN RI HOHFWURFXWLRQ DVVRFLDWHG ZLWK 66* LV VLJQLILFDQWO\
KLJKHUWKDQ/6*DQGWKHUHIRUHDWWKHWLPHRIZULWLQJWKLVSDSHUQR
GHFLVLRQ KDG EHHQ PDGH UHJDUGLQJ WKH DPHQGPHQW RI 66* /20
VHWWLQJV
)XWXUHSURRILQJ
%\ LQFOXGLQJ ERWK FRQQHFWHG DQG FRPPLWWHG WR FRQQHFWLQJ
JHQHUDWLRQ ZLWKLQ WKH JHQHUDWLRQ GDWDEDVH DQ HOHPHQW RI IXWXUH
SURRILQJ ZDV LQFOXGHG LQ WKH ULVN DQDO\VLV +RZHYHU LW ZDV
LGHQWLILHG WKDW LQ VRPH DUHDV RI WKH QHWZRUN ZKHUH GHPDQG DQG
JHQHUDWLRQ EDODQFLQJ LV QRW SUHYDOHQW WKH IXWXUH ULVN RI LVODQGLQJ
PD\ LQFUHDVH 7R VDIHJXDUG DJDLQVW WKLV 1,( 1HWZRUNV ZLOO
UHDVVHVV WKH ULVNV LQ WKH QH[W UHJXODWRU\ SHULRG WR GHWHUPLQH LI D
7DEOH(? $VVXPHGJHQHUDWLRQJURXSLQJVPL[HV
*URXSLQJW\SH *HQHUDWLRQPL[
VLQJOH 60
,&
,0
JURXSVRI 60,&
60,&
60,0
60,0
,&,0
,&,0
JURXSVRI 60,&,0
60,&,0

7DEOH(? 5LVNILJXUHVREWDLQHGWKURXJKORDGSURILOH
DYHUDJLQJ
/20
RSWLRQ
/20
VHWWLQJ+]V
RU
7LPH
GHOD\V
,QGLYLGXDOULVNRI
HOHFWURFXWLRQ
IRE TE\HDUV
   (?î(?í (?î(?
   (?î(?í (?î(?
   (?î(?í (?î(?
   (?î(?í (?î(?
   (?î(?í (?î(?
  ² (?î(?í (?î(?
  ² (?î(?í (?î(?
 ² ² (?î(?í (?î(?

(?
/20
RSWLRQ
/20VHWWLQJ
+]VRU
7LPH
GHOD\V
5LVNRIRXWRISKDVH
UHFORVXUH
N0A T0A\HDUV
   (?î(?í 
   (?î(?í 
   (?î(?í 
   (?î(?í 
   (?î(?í 
  ² (?î(?í 
  ² (?î(?í 
 ² ² (?î(?í 
IREDQQXDOSUREDELOLW\UHODWHGWRLQGLYLGXDOULVNLQMXU\RUGHDWKRIDSHUVRQIURPWKH
HQHUJLVHGSDUWVRIDQXQGHWHFWHGLVODQGHGQHWZRUNTEDYHUDJHGXUDWLRQEHWZHHQ
LQFLGHQWVLQMXU\RUGHDWKRIDSHUVRQIURPWKHHQHUJLVHGSDUWVRIDQXQGHWHFWHG
LVODQGHGQHWZRUN>LQ\HDUV@NOADQQXDOUDWHRIRFFXUUHQFHRIDQ\JHQHUDWRUEHLQJ
VXEMHFWHGWRRXWRISKDVHDXWRUHFORVXUHGXULQJWKHLVODQGLQJFRQGLWLRQQRWGHWHFWHGE\
/20SURWHFWLRQTOADYHUDJHGXUDWLRQEHWZHHQWKHRFFXUUHQFHVRIRXWRISKDVHDXWR
UHFORVXUHGXULQJWKHLVODQGLQJFRQGLWLRQQRWGHWHFWHGE\/20SURWHFWLRQLQ\HDUV

 -(QJ9RO,VVSS
7KLVLVDQRSHQDFFHVVDUWLFOHSXEOLVKHGE\WKH,(7XQGHUWKH&UHDWLYH&RPPRQV$WWULEXWLRQ/LFHQVH
KWWSFUHDWLYHFRPPRQVRUJOLFHQVHVE\
PDWHULDOFKDQJHKDVRFFXUUHGDQGZLOOSURSRVHPLWLJDWLRQPHDVXUHV
DW WKDW WLPH ,Q WKH LQWHULP 1,( 1HWZRUNV ZLOO LQYHVWLJDWH
PHDVXUHV WR UHGXFH WKH ULVN RI HOHFWURFXWLRQ DQG RXWRISKDVH
UHFORVXUH ZLWK D SDUWLFXODU IRFXV RQ 66* ZKRVH ULVNV DUH
VLJQLILFDQWO\KLJKHUWKDQ/6*
&RVWEHQHILWDQDO\VLV
%HIRUH D GHFLVLRQ FRXOG EH PDGH UHJDUGLQJ WKH DPHQGPHQW RI
/20 VHWWLQJV D FRVW EHQHILW DQDO\VLV &%$ PXVW EH SHUIRUPHG
VKRZLQJDQHWEHQHILWWRWKHFXVWRPHU
1,( 1HWZRUNV DQWLFLSDWH WKDW XSRQ UHTXHVW DOO UHTXLUHG
JHQHUDWRUV ZLOO KDYH WKH FDSDELOLW\ WR FKDQJH WKH VHWWLQJV LQ WKHLU
H[LVWLQJ* UHOD\V WR WKRVHSURSRVHGZLWKLQ WKLVGRFXPHQW7KLV
VFHQDULR ZDV WKHUHIRUH UHIHUUHG WR DV WKH H[SHFWHG VFHQDULR
+RZHYHU LW LV SRVVLEOH WKDW VRPH UHOD\V PD\ QRW EH DEOH WR EH
DPHQGHGWRWKHUHFRPPHQGHGVHWWLQJVDQGWKHUHIRUHUHTXLUHDQHZ
UHOD\ WR EH ILWWHG WR UHIOHFW WKLV VFHQDULR D ZRUVWFDVH VFHQDULR
FRQWLQJHQF\ KDV EHHQ LQFOXGHG ZKLFK DVVXPHV WKDW  RI /6*
DQG66*UHTXLUHDQHZ/20SURWHFWLRQUHOD\WREHILWWHG%DVHGRQ
HQJDJHPHQW ZLWK LQGXVWU\ 1,( 1HWZRUNV KDV HVWLPDWHG WKH
H[SHFWHG VFHQDULR FRVWV DQG ZRUVWFDVH VFHQDULR FRVWV WR EH ∼
¼(팀mDQG¼(팀mUHVSHFWLYHO\
7KH PDLQ EHQHILW RI DPHQGLQJ /20 VHWWLQJV ZLOO EH UHGXFHG
VLQJOH HOHFWULFLW\ PDUNHW 6(0 ZKROHVDOH FRVWV ,W KDV EHHQ
LGHQWLILHGWKDWLIWKHQHZ52&2)VWDQGDUGFDQEHLPSOHPHQWHGRQ
WKHLVODQGRI,UHODQG6(0ZKROHVDOHFRVWVPD\EHUHGXFHGE\¼(?
PSHUDQQXP,WFDQDOVREHVHHQWKDWDQH[SHFWHGUHGXFWLRQ
LQ ZLQG FXUWDLOPHQW OHYHOV PD\ EH UHDOLVHG LQ  ZKLOVW DQ
DGGLWLRQDO  WRZDUGV WKH UHQHZDEOH HQHUJ\ VRXUFHG HOHFWULFLW\
5(6(WDUJHWRIE\PD\EHDFKLHYHG>@
2WKHU QRQTXDQWLILDEOH EHQHILWV ZLOO EH UHDOLVHG WKURXJK WKH
LPSOHPHQWDWLRQRIWKHQHZ/20VHWWLQJV1,(1HWZRUNVLVDZDUH
WKDW XQGHU UHPRWH IDXOW VFHQDULRV WKH /20 SURWHFWLRQ RI VRPH
JHQHUDWRUV PD\ RSHUDWH UHVXOWLQJ LQ WKH GLVFRQQHFWLRQ RI WKH
JHQHUDWRUIURPWKHHOHFWULFLW\QHWZRUN7KLVSKHQRPHQRQKDVEHHQ
UHIHUUHGWRDVQXLVDQFHWULSSLQJE\LQGXVWU\DQGUHVXOWVLQDORVVRI
UHYHQXH WR WKH JHQHUDWRU RZQHU $ EHQHILW RI LPSOHPHQWLQJ WKH
SURSRVHG /20 SURWHFWLRQ DPHQGPHQWV ZLOO EH WKDW /20
SURWHFWLRQZLOOEHOHVVVXVFHSWLEOHWRQXLVDQFHWULSSLQJUHVXOWLQJLQ
OHVVLQWHUUXSWLRQWRJHQHUDWRUVXSSOLHV
,W FDQ WKHUHIRUH EH VHHQ WKDW WKH FXPXODWLYH EHQHILWV RI
DPHQGLQJ JHQHUDWRU /20 SURWHFWLRQ VLJQLILFDQWO\ RXWZHLJK WKH
FRVWRILPSOHPHQWDWLRQHYHQLQWKHZRUVWFDVHVFHQDULR
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7KH VWXG\ KDV SUHVHQWHG D PHWKRGRORJ\ H[SHULHQFH DQG SUDFWLFDO
RXWFRPHVRIWKHULVNDVVHVVPHQWEDVHGUHYLVLRQRI/20SURWHFWLRQ
VHWWLQJVLQ1,(1HWZRUNV
GLVWULEXWLRQV\VWHP7KH/20SURWHFWLRQ
VWDELOLW\ ZDV ILUVW FRQVLGHUHG SURYLGLQJ VWURQJ PRWLYDWLRQ IRU
FKDQJH IROORZHG E\ WKH SURWHFWLRQ VHQVLWLYLW\ DQDO\VLV DQG
DVVHVVPHQWRIWKHUHVXOWLQJULVNV7KHLQFUHDVHLQERWKSHUVRQDODQG
RXWRISKDVH UHFORVXUH ULVNV KDV EHHQ UHDOLVWLFDOO\ TXDQWLILHG DQG
FRPSDUHGDJDLQVWWKHKHDOWKDQGVDIHW\UHTXLUHPHQWV
$V WKH ULVN UHVXOWV IHOO ZLWKLQ WKH $/$53 VDIHW\ PDUJLQV
DGGLWLRQDO ULVN PLWLJDWLQJ PHDVXUHV ZHUH VRXJKW LQFOXGLQJ WKH
DSSOLFDWLRQRI19'SURWHFWLRQDVZHOODVWKH19'RSHUDWLRQWLPH
UHGXFWLRQ
)XUWKHUPRUH D &%$ SHUIRUPHG E\ 1,( 1HWZRUNV KDV
GHPRQVWUDWHG D FOHDU ILQDQFLDO EHQHILW RI WKH /20 SURWHFWLRQ
VHWWLQJVDGMXVWPHQW
7KH UHVXOWV DQG REVHUYDWLRQV LQFOXGHG LQ WKH VWXG\ DLP WR
SURYLGH WKH PHDQV DQG VXSSRUWLQJ HYLGHQFH IRU DFKLHYLQJ EHVW
FRPSURPLVHVHWWLQJVLQWKHUHYLVLRQRI/20SURWHFWLRQ
$OWKRXJK IXWXUHSURRILQJRI WKH ULVN DVVHVVPHQWRXWFRPHVKDV
EHHQ FRQVLGHUHG LW QHHGV WR EH QRWHG WKDW LQ WKH G\QDPLFDOO\
FKDQJLQJ V\VWHP LQFOXGLQJ WKH RQJRLQJ UHYLVLRQ RI RWKHU '*
UHODWHGUHFRPPHQGDWLRQWKHULVNDQDO\VLVPD\QHHGWREHUHYLVLWHG
DWVRPHSRLQWWRUHIOHFWWKRVHFKDQJHV
1HYHUWKHOHVV WKHDXWKRUVEHOLHYH WKDW WKHSUHVHQWHGV\VWHPDWLF
PHWKRGRORJ\ DQG DVVRFLDWHG SUDFWLFDO UHVXOWV SURYLGH D XVHIXO
DQDO\WLFDOIUDPHZRUNIRUWDFNOLQJYDULRXVDVSHFWVRISRZHUV\VWHP
RSHUDWLRQDQGFDQEHKHOSIXO LQVKDSLQJYDULRXVDVSHFWVRI IXWXUH
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